Incidence and risk factors of postoperative neurologic decline after complex adult spinal deformity surgery:results of the Scoli-RISK-1 study by Fehlings, Michael G et al.
u n i ve r s i t y  o f  co pe n h ag e n  
Københavns Universitet
Incidence and risk factors of postoperative neurologic decline after complex adult
spinal deformity surgery
Fehlings, Michael G; Kato, So; Lenke, Lawrence G; Nakashima, Hiroaki; Nagoshi, Narihito;
Shaffrey, Christopher I; Cheung, Kenneth M C; Carreon, Leah; Dekutoski, Mark B; Schwab,
Frank J; Boachie-Adjei, Oheneba; Kebaish, Khaled M; Ames, Christopher P; Qiu, Yong;
Matsuyama, Yukihiro; Dahl, Benny T; Mehdian, Hossein; Pellisé-Urquiza, Ferran; Lewis,
Stephen J; Berven, Sigurd H
Published in:
The Spine Journal
DOI:
10.1016/j.spinee.2018.02.001
Publication date:
2018
Document version
Publisher's PDF, also known as Version of record
Document license:
CC BY-NC-ND
Citation for published version (APA):
Fehlings, M. G., Kato, S., Lenke, L. G., Nakashima, H., Nagoshi, N., Shaffrey, C. I., ... Berven, S. H. (2018).
Incidence and risk factors of postoperative neurologic decline after complex adult spinal deformity surgery:
results of the Scoli-RISK-1 study. The Spine Journal, 18(10), 1733-1740.
https://doi.org/10.1016/j.spinee.2018.02.001
Download date: 03. Feb. 2020
Clinical Study
Incidence and risk factors of postoperative neurologic
decline after complex adult spinal deformity surgery:
results of the Scoli-RISK-1 study
Michael G. Fehlings, MD, PhD, FACS, FRCSCa,*, So Kato, MDa, Lawrence G. Lenke, MDb,
Hiroaki Nakashima, MD, PhDa, Narihito Nagoshi, MD, PhDa, Christopher I. Shaffrey, MDc,
Kenneth M.C. Cheung, MDd, Leah Carreon, MD, MSce, Mark B. Dekutoski, MDf,
Frank J. Schwab, MDg, Oheneba Boachie-Adjei, MDh, Khaled M. Kebaish, MDi,
Christopher P. Ames, MDj, Yong Qiu, MDk, Yukihiro Matsuyama, MDl, Benny T. Dahl, MDm,n,
Hossein Mehdian, MDo, Ferran Pellisé-Urquiza, MDp, Stephen J. Lewis, MD, MSc, FRCSCa,
Sigurd H. Berven, MDj
aUniversity of Toronto and Toronto Western Hospital, 399 Bathurst St 4W-449, Toronto, Ontario, M5T 2S8, Canada
bColumbia University College of Physicians and Surgeons, 630 W 168th St, New York, NY 10032, USA
cUniversity of Virginia, P.O. Box 800386, Charlottesville, VA 22908-0212, USA
dThe University of Hong Kong, Professional Block, 5th Flr, 102 Pokfulam Road, Hong Kong, SAR, China
eNorton Leatherman Spine Center, 210 E. Gray St, Suite 900, Louisville, KY 40202, USA
fThe CORE Institute, 14520 W Granite Valley Dr #210, Sun City West, AZ 85375, USA
gHospital for Special Surgery, 535 East 70th St, Hospital for Special Surgery, New York, NY 10021, USA
hThe FOCOS Hospital, 8 Teshie St, Patang, Accra, Ghana
iJohns Hopkins University, 601 N Caroline St, Baltimore, MD, 21287, USA
jUniversity of California San Francisco, 400 Parnassus Ave, San Francisco, CA 94143, USA
kAffiliated Drum Tower Hospital of Nanjing University Medical School, 321 Zhongshan Rd, Gulou Qu, Nanjing Shi, Jiangsu Sheng, 210008, China
lHamamatsu University School of Medicine, 1-20-1 Handayama, Higashi Ward, Hamamatsu, 431-3192 Shizuoka Prefecture, Japan
mSpine Unit, Department of Orthopaedic Surgery, Rigshospitalet, University of Copenhagen, Section 2162, Blegdamsvej 9, 2100 København Ø,
Copenhagen, Denmark
nDepartment of Orthopaedic Surgery, Texas Children’s Hospital and Baylor College of Medicine, 6621 Fannin St, Houston, TX 77030, USA
oUniversity Hospital, Queen’s Medical Centre, Derby Rd, Nottingham NG7 2RD, UK
pHospital Universitari Vall d’Hebron, Passeig de la Vall d’Hebron, 119-129, 08035 Barcelona, Spain
Received 5 October 2017; revised 29 January 2018; accepted 1 February 2018
FDA device/drug status: The manuscript submitted does not contain in-
formation about medical device(s) or drug(s).
Author disclosures: MGF: Nothing to disclose. SK: Grant: SRS-
Medtronic Fellowship (D), pertaining to the submitted manuscript. LGL:
Consulting: Medtronic (D); Royalties: Medtronic (I), Quality Medical Pub-
lishing (B); Tips/Travel: Broadwater (B), Scoliosis Research Society (B),
AOSpine (B); Grant: EOS (B, Paid directly to institution), Setting Scolio-
sis Straight Foundation (B, Paid directly to institution), AOSpine (D, Paid
directly to institution). HN: Nothing to disclose. NN: Nothing to disclose.
CIS: Nothing to disclose. KMCC: Nothing to disclose. LC: Nothing to
disclose. MBD: Nothing to disclose. FJS: Royalties: Zimmer Biomet (E),
MSD (D), K2M (C); Stock Ownership: Nemaris, Inc (30% shareholder);
Consulting: NuVasive (B), Zimmer Biomet (B), Medtronic (B); Speaking
and/or Teaching Arrangements: MSD (B), NuVasive (B), Zimmer Biomet
(B); Board of Directors: Nemaris, Inc. (30% shareholder); Grants: DePuy
Spine (H, Paid directly to institution), NuVasive (F, Paid directly to insti-
tution), Stryker (C, Paid directly to institution), K2M (C, Paid directly to
institution); outside the submitted work. OBA: Royalties: K2M (F); Private
Investments: K2M (E); Consulting: K2M (E), Weigao (B); Speaking and/
or Teaching Arrangements: K2M (D); Trips/Travel: K2M (B); Scientific
Advisory Board/Other Office: K2M (B); Research Support (Investigator
Salary, Staff/Materials): K2M (F, Paid directly to institution); Grants:
K2M (F, Paid directly to institution); Fellowship Support: K2M (B, Paid
directly to institution); outside the submitted work. KMK: Nothing to
disclose. CPA: Nothing to disclose. YQ: Nothing to disclose. YM: Nothing
to disclose. BTD: Nothing to disclose. HM: Fees for Participation in
Review Activities such as Data Monitoring Boards, Statistical Analysis,
End Point Committees, and the Like: AOSpine International (B, Paid
directly to institution); Research Support (Investigator Salary, Staff/
Materials): AOSpine International (B, Paid directly to institution); outside
the submitted work. FPU: Nothing to disclose. SJL: Consulting: Medtronic
(C), Stryker (D), AOSpine (C); Speaking and/or Teaching Arrangements:
Medtronic (C), Stryker (D), AOSpine (C), DePuy (B), L&K (D); Trips/
Travel: Medtronic (C), Stryker (D), AOSpine (C), DePuy (B), L&K (D);
outside the submitted work. SHB: Nothing to disclose.
The disclosure key can be found on the Table of Contents and at
www.TheSpineJournalOnline.com.
Funds from the Scoliosis Research Society and AOSpine International,
both non-profit organizations, and from Norton Healthcare, Louisville, KY,
USA, were received in support of this work.
Ethical approval (Institutional Review Board, Research Ethics Board,
and Ethics Committee) was obtained at each participating center for this study.
* Corresponding author. Division of Neurosurgery, Toronto Western
Hospital, University Health Network, 399 Bathurst St 4W-449, Toronto,
Ontario, M5T 2S8, Canada. Tel.: +1 416 603 5072; fax: +1 416 603 5298.
E-mail address: Michael.Fehlings@uhn.ca (M.G. Fehlings)
https://doi.org/10.1016/j.spinee.2018.02.001
1529-9430/© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
The Spine Journal 18 (2018) 1733–1740
Abstract BACKGROUND CONTEXT: Significant variability in neurologic outcomes after surgical cor-
rection for adult spinal deformity (ASD) has been reported. Risk factors for decline in neurologic
motor outcomes are poorly understood.
PURPOSE: The objective of the present investigation was to identify the risk factors for postop-
erative neurologic motor decline in patients undergoing complex ASD surgery.
STUDY DESIGN/SETTING: This is a prospective international multicenter cohort study.
PATIENT SAMPLE: From September 2011 to October 2012, 272 patients undergoing complex
ASD surgery were prospectively enrolled in a multicenter, international cohort study in 15 sites.
OUTCOME MEASURES: Neurologic decline was defined as any postoperative deterioration in
American Spinal Injury Association lower extremity motor score (LEMS) compared with preoper-
ative status.
METHODS: To identify risk factors, 10 candidate variables were selected for univariable analysis
from the dataset based on clinical relevance, and a multivariable logistic regression analysis was used
with backward stepwise selection.
RESULTS: Complete datasets on 265 patients were available for analysis and 61 (23%) patients
showed a decline in LEMS at discharge. Univariable analysis showed that the key factors associ-
ated with postoperative neurologic deterioration included older age, lumbar-level osteotomy, three-
column osteotomy, and larger blood loss. Multivariable analysis revealed that older age (odds ratio
[OR]=1.5 per 10 years, 95% confidence interval [CI] 1.1–2.1, p=.005), larger coronal deformity angular
ratio [DAR] (OR=1.1 per 1 unit, 95% CI 1.0–1.2, p=.037), and lumbar osteotomy (OR=3.3, 95%
CI 1.2–9.2, p=.022) were the three major predictors of neurologic decline.
CONCLUSIONS: Twenty-three percent of patients undergoing complex ASD surgery experi-
enced a postoperative neurologic decline. Age, coronal DAR, and lumbar osteotomy were identified
as the key contributing factors. © 2018 The Authors. Published by Elsevier Inc. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Adult spinal deformity; American Spinal Injury Association (ASIA) neurologic exam; Lower extremity motor
score (LEMS); Multicenter study; Multivariate analysis; Neurologic complications; Predictor; Risk factor;
Spinal deformity surgery; Spinal osteotomy
Introduction
The reported prevalence of adult spinal deformity (ASD)
in the general population ranges from 2% to 32% [1–3]. The
impact of ASD on a patient’s quality of life can be debili-
tating, and in our aging world, increased numbers of patients
with ASD are predicted. Thus, the burden of ASD on health-
care resources is substantial. However, advancing technical
sophistication in spine surgery has enabled surgical correc-
tion of severe complex ASD with the use of pedicle screw
fixation and complex osteotomies. Nevertheless, no ASD
surgery is without an inherent risk of complications. Among
these, deterioration of neurologic function is one of the most
devastating complications [4].
Despite the existence of numerous previous reports re-
garding the rates of neurologic deficits in ASD surgery, most
of these have several limitations, including retrospective study
design, a limited number of cases included, incomplete follow-
up rates, heterogeneity in patient cohorts and surgical
procedures, and non-standardized outcome measures. As a
result, there is significant inconsistency in the reports of neu-
rologic outcomes after surgical correction for ASD. The Scoli-
RISK-1 study was an international multicenter cohort study
designed and performed to prospectively collect data on the
neurologic complications associated with surgical correc-
tion of complex ASD. Previously, we reported on lower
extremity motor function before and after surgical correc-
tion of complex ASD and demonstrated that a decline in
neurologic function after complex ASD surgery was more fre-
quently observed than previously reported [5].
Identifying the risk factors for neurologic deficits in ASD
surgery is also important to understand the risk profile for
individual patients and to help surgeons undertake precau-
tions or make safer patient care decisions. For instance, spinal
osteotomy for rigid deformity is generally believed to be a
high-risk procedure, and the severity of the deformity has also
been found to be predictive of intraoperative spinal cord moni-
toring events in a recent study [6]. Only a few modern studies
in the literature have documented the risk factors [6–17]. The
objective of the present study was to elucidate the risk factors
associated with neurologic decline after surgical correction
of complex ASD.
Materials and methods
Patient selection and surgical procedure
Data from the Scoli-RISK-1 study were used for the present
investigation [5]. Key inclusion criteria were patients between
18 and 80 years of age and having a diagnosis of ASD with
an apex of the major deformity in the cervicothoracic or the
thoracolumbar region between C7 and L2 inclusive. To focus
1734 M.G. Fehlings et al. / The Spine Journal 18 (2018) 1733–1740
on high-risk events, we enrolled patients based on the pro-
cedure performed. For the present study, the procedure was
defined as complex ASD surgery when one or more of the
following criteria were met: corrective surgeries for a cur-
vature with a major Cobb angle of ≥80° in the coronal or the
sagittal plane; corrective osteotomies for congenital spinal de-
formity; corrective osteotomies for revision of spinal deformity
(any type); three-column osteotomy (3CO, ie, pedicle sub-
traction osteotomy, vertebral column resection [VCR]) between
C7 and L5 inclusive; reconstruction for myelopathy caused
by spinal deformity; and deformity reconstruction with con-
comitant spinal cord decompression for ossification of the
ligamentum flavum or ossification of the posterior longitu-
dinal ligament. Patients with a history of substance dependency
or psychosocial disturbance, active malignancy, active bac-
terial infection, recent history of significant spinal trauma or
malignancy, complete long-term paraplegia, pregnancy, pris-
oners, and institutionalized individuals were excluded.
Nine spinal deformity centers in North America, three in
Europe, and three in Asia participated. The respective ethical
committees or institutional review boards at all participat-
ing sites granted study approval. All patients provided informed
consent before enrollment. The study is registered with
clinicaltrials.gov as NCT01305343. Enrollment of 272 con-
secutive patients was performed from September 2011 to
October 2012 by 44 surgeons. Seven patients lacked neuro-
logic status data at baseline or at discharge and thus were
excluded from the analysis. The surgical approach, instru-
mentation, and corrective maneuvers were at the discretion
of the operating surgeon.
Neurologic and radiographic measurements
An American Spinal Injury Association (ASIA) neuro-
logic examination was performed by an ASIA-certified
examiner within 6 weeks before surgery and at hospital dis-
charge. The lower extremity motor score (LEMS) evaluates
motor function as a sum of scores for each of five lower ex-
tremity muscle groups: hip flexors (L2), knee extensors (L3),
ankle and toe dorsiflexors (L4), great toe extensor (L5), and
plantar flexors (S1). Each group is rated on a scale of 0 (no
motor function) to 5 (full motor function), and the LEMS has
a maximum of 50 points (25 points per side). It has been dem-
onstrated to be correlated to ambulatory function measured
with gait analysis in patients with incomplete spinal cord injury
[18]. To ensure as accurate a neurologic assessment as pos-
sible, every effort was made to adequately control pain.
Preoperative upright coronal and sagittal global spine x-rays
were performed in all patients, and radiographic param-
eters, including Cobb angle, thoracic kyphosis, and lumbar
lordosis, were measured. In addition, the acuteness of the focal
kyphotic or scoliotic angulation was measured as the defor-
mity angular ratio (DAR) [19]. The DAR is a unitless number
calculated as the Cobb angle of the maximum curve divided
by the number of vertebral levels involved. A similar mea-
surement was previously reported as the “Harrington factor”
[20]. Sagittal DAR is calculated in the same manner. In the
present investigation, we used the maximum DAR among the
values from each coronal curve as a patient’s “coronal” DAR
when multiple curves existed, and the DAR calculated from
the maximum kyphosis as a patient’s “sagittal” DAR to rep-
resent the acuteness of the spinal deformity.
Statistical analysis
Patients were divided into two groups: those who expe-
rienced a decline in LEMS at discharge in comparison with
their preoperative status, and those who had the same or im-
proved LEMS. When a patient underwent staged procedures
and had multiple discharges, the last discharge was chosen
as the point of investigation for neurologic status. Identifi-
cation of factors associated with a decline in LEMS was
performed in two steps. For the first step, 10 candidate vari-
ables were investigated using univariable logistic regression
models. These candidates were selected based on clinical rel-
evance and previous literature [6–17]. In the second step, all
these variables were entered in a multivariable logistic re-
gression model using backward selection with a retention
criterion of p-value of less than .25. Adjusted odds ratios (ORs)
with 95% confidence intervals (CIs) were calculated. The as-
sociation between the spinal levels with neurologic decline
tested in LEMS and the lumbar osteotomy levels was as-
sessed by a mixed effects logistic regression model with a
random effect at the patient level. A p-value of less than .05
was considered statistically significant for all analyses. The
statistical analysis was performed using the software SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
A total of 265 patients who had LEMS at discharge were
included in the analysis. The mean age at surgery was 56.8
years old (standard deviation 15.4, range 18–81). There were
180 women (68%) and 85 men (32%). The most common
indication for inclusion in the present study was 3CO (n=201,
76%), followed by revision of deformity requiring oste-
otomy (n=161, 61%), primary coronal or sagittal deformity
with major Cobb angle of ≥80° (n=77, 29%), congenital de-
formity (n=12, 5%), myelopathy caused by spinal deformity
(n=12, 5%), and ossification of the ligamentum flavum or os-
sification of the posterior longitudinal ligament (n=5, 2%).
Lumbar osteotomy was performed in 194 patients (73%), with
90 undergoing at least one osteotomy in high lumbar spine
down to L2, and thoracic osteotomy was performed in 113
patients (43%). Demographic data are summarized in Table 1.
Of the total number of patients, 199 (75%) had LEMS=50
preoperatively, whereas 66 (25%) had LEMS<50. The median
number of days that elapsed between surgery and discharge
was 9.0 days (interquartile range 7.0–16.0). At discharge, 61
patients (23%) showed a decline in LEMS from preopera-
tive status. Among these patients, we identified 7 cases in
which surgical intervention was required for neurologic
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complications. The distribution of LEMS declines by lum-
bosacral spinal level is shown in Table 2. Among 305 muscle
groups in 61 patients (5 muscle groups [L2–S1] in each patient)
with postoperative neurologic decline, 84 muscle groups (28%)
had osteotomies at the corresponding spinal levels, of which
43 (51%) had neurologic decline, whereas 89 out of 221 (40%)
muscle groups without the osteotomy at the same level had
postoperative decline (OR=1.6, 95% CI 0.97–2.8, p=.06)
(Table 3). This analysis showed a trend that the osteotomy
was associated with the decline in neurologic function at the
same spinal level, although the adjusted OR was 1.2 (95%
CI 0.7–2.2, p=.47) after the adjustment of the muscle group
as a confounder. Twenty of these 61 patients were found to
have experienced five points or more of LEMS decline.
Given the numbers of these events encountered in our
cohort, a decision was made to first select 10 variables as can-
didates to avoid overfitting of the final model [21]. Based on
clinical relevance and knowledge from the existing litera-
ture, the following 10 variables were chosen: age, previous
history of spine surgeries, preoperative neurologic deficits,
coronal DAR, sagittal DAR, surgical approach (combined an-
terior and posterior approach vs. posterior-only approach),
numbers of spinal levels involved, lumbar-level osteotomy,
3CO, and estimated blood loss [6–17]. Results of univariable
analyses are summarized in Table 4. Age, the prevalence of
lumber level osteotomy, the prevalence of 3CO, and blood
loss were found to differ significantly between the patients
with and without neurologic decline.
After using a multivariable logistic regression model with
backward elimination, six variables remained in the final model
(Table 5). Among these, older age (OR=1.5 per 10 years’ in-
crease, 95% CI 1.1–2.1, p=.005), larger coronal DAR (OR=1.1
per 1 unit increase, 95% CI 1.0–1.2, p=.037), and lumbar os-
teotomy (OR=3.3, 95% CI 1.2–9.2, p=.022) were the three
significant predictors of neurologic decline.
A representative case is described in the Figure.
Discussion
Although a new neurologic deficit after ASD surgery has
been reported to be relatively uncommon, this large prospec-
tive study enabled a thorough assessment of its occurrence
in complex ASD surgeries. Our present findings indicated that
23% of the patients undergoing complex ASD surgery ex-
perienced a neurologic decline, as measured by LEMS at
discharge, in comparison with preoperative status, and that
among the many factors investigated in this prospective study,
older age, larger coronal DAR, and lumbar-level osteotomy
were the key contributing factors.
The reported rate of postoperative neurologic decline after
complex ASD surgery in the Scoli-RISK-1 study was higher
than that reported in most of the existing literature
[5–14,16,17]. The Scoliosis Research Society Morbidity and
Mortality Committee reported that new neurologic deficits
Table 1
Demographics data
Mean (SD), n (%)
Range
Minimum–
maximum
Age (y) 56.8 (15.4) 18–81
Female 180 (67.9)
Race
White or Caucasian 209 (79.2)
East Asian 49 (18.6)
Black or African American 2 (0.8)
Native American 1 (0.4)
Other 3 (1.1)
Smoker 25 (9.5)
Diagnosis (inclusion criteria)
Three-column osteotomy 201 (75.8)
Revision osteotomy 161 (60.8)
Cobb angle≥80° 77 (29.1)
Congenital deformity 12 (4.5)
Deformity-related myelopathy 12 (4.5)
OPLL or OLF 5 (1.9)
Preoperative neurologic deficit 66 (24.9)
Previous history of spine surgeries 165 (62.3)
Coronal DAR 5.2 (4.3) 0.3–17.4
Sagittal DAR 6.1 (3.5) 1.1–23.7
Levels involved in surgery 11.7 (4.0) 3–23
Osteotomy
Lumbar 194 (73.2)
Thoracic 113 (42.6)
Surgical approach
Posterior only 203 (76.6)
Anterior-posterior 62 (23.4)
Total estimated blood loss (cc) 2,000 (1,400,3,100)* 180–12,000
SD, standard deviation; OPLL, ossification of posterior longitudinal lig-
ament; OLF, ossification of ligamentum flavum; DAR, deformity angular
ratio.
* Values are median (standard deviation or Q1, Q3).
Table 2
The distribution of the lower extremity motor score declines by lumbosa-
cral spinal level
Muscle group with declines
L2 (hip flexors) 42 (69%)
L3 (knee extensors) 29 (48%)
L4 (ankle dorsiflexors) 21 (34%)
L5 (great toe extensors) 26 (43%)
S1 (ankle plantar flexors) 14 (23%)
Total 61
Table 3
Association between osteotomy and neurologic decline at each spinal level
Osteotomy at the level of the corresponding
muscle group
No Yes
Unadjusted OR
(95% CI) p-Value
Total number of muscle
groups
221 84 1.64 (0.97–2.78) .064
Without decline, n (%) 132 (60) 41 (49)
With decline, n (%) 89 (40) 43 (51)
OR, odds ratio; CI, confidence interval.
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after spine surgery, in general, were documented in 1,064 cases
(1.0%) in their largest review of 108,419 spinal procedures
[22]. In the “high-risk” procedures such as osteotomy, the in-
cidence has been known to be higher because of the direct
manipulation of neurologic elements and the acute change
in alignment of the spinal canal [23]. For instance, new deficit
rates after 3CO have been reported to be 8.6%–40.3%, de-
pending on the study [8,12,24–26]. The Scoli-RISK-1 study
has the advantage of a prospective and multicenter design and
rigorous documentation of neurologic deficits by ASIA-
certified examiners, which enabled us to detect subtle changes
that could be potentially missed with a surgeon-reported ap-
proach. Our study population also consisted of high-risk
patients with ASD undergoing complex spinal procedures,
which likely contributed to the relatively high reported rate
of new deficits (23%) at discharge.
Only limited numbers of previous studies have discussed
the risk factors associated with neurologic deficits after ASD
surgeries, partly because a relatively large number of pa-
tients are necessary to conduct detailed analyses of these. In
terms of patient demographic factors, age, previous history
of spine surgeries, and preoperative neurologic deficits have
been reported to be associated with a higher likelihood of neu-
rologic complications. Elderly patients are known to have a
higher risk of postoperative morbidities in general [27]. Kim
et al. reported that patients older than 35 years tended to have
higher neurologic deficits after VCR [12]. The neural tissue
in elderly patients is thought to have decreased tolerance to
insult and recovery after traumatic spinal cord injury com-
pared with younger patients [28]. Revision surgery was also
raised as a risk factor in the Scoliosis Research Society Mor-
bidity and Mortality Committee report [22]. Several other
studies regarding ASD surgeries have shown higher neuro-
logic complication rates in revision cases than in primary cases
[9,15,16]. This finding could be attributed to the altered an-
atomical landmarks and adhesive scar formation from the
previous surgery, which could aggravate the complexity of
the surgical procedures. Preoperative neurologic deficits have
also been proposed as a risk factor [12,13]. Chronic hypoxia
in the spinal cord makes it more vulnerable to ischemic change
because of anterior spinal cord artery traction caused by the
corrective maneuver.
Severity of spinal deformity clearly contributes to an in-
crease in neurologic risk. For instance, there is a higher risk
of neurologic deficits in correction surgery of significant
coronal deformities with a Cobb angle of >90° [9,11] or
hyperkyphosis [7,9,11–13,17]. Correction of these severe de-
formities leads to elongation of the spinal cord, which puts
spinal cord circulation at risk, or overshortening causing
kinking of the spinal cord. Shortening in the lumbar spine
can result in iatrogenic foraminal stenosis leading to
radiculopathy. In particular, Wang et al. focused on local acute-
ness of deformity as a risk factor and demonstrated an
association between total DAR≥25 or sagittal DAR≥15 and
neurologic risk in their consecutive series of 202 patients who
underwent posterior VCR [6]. The other common surgical risk
factors previously proposed are anterior-posterior (circum-
ferential) procedures [7,9], number of spinal levels involved
[10,12,13], use of osteotomy [10,11,14], and larger intraop-
erative blood loss [12], which all represent increased
invasiveness of the surgical procedure.
Table 4
Comparisons of patients and procedural characteristics between patients with and without postoperative neurologic decline, including results from univariable
logistic regression models
Prognostic factor
Mean (SD), n (%)
Details OR 95% CI p-Value
Decline in LEMS at discharge
Yes (n=61) No (n=204)
Age (y) 62.0 (10.3) 55.2 (16.3) Per 10 y 1.41 (1.12–1.78) .003
Previous history of spine surgeries 43 (71) 122 (60) 1.61 (0.87–2.98) .133
Preoperative neurologic deficit 17 (28) 49 (24) 1.22 (0.64–2.33) .542
Coronal DAR 6.0 (4.4) 5.0 (4.3) Per 1 unit 1.05 (0.99–1.13) .127
Sagittal DAR 5.7 (4.1) 6.3 (3.3) Per 1 unit 0.95 (0.86–1.04) .252
Anterior-posterior approach 13 (21) 49 (24) Versus posterior only 0.86 (0.43–1.71) .661
Levels involved in surgery 12.5 (3.9) 11.5 (4.0) Per 1 level 1.06 (0.99–1.14) .091
Lumbar-level osteotomy 56 (92) 138 (68) 5.36 (2.05–14.00) <.001
Three-column osteotomy 53 (87) 148 (73) 2.51 (1.12–5.60) .025
Total estimated blood loss (cc)* 2,500 (2,000,4,000) 2,000 (1,200,3,000) Per 500 cc 1.09 (1.02–1.17) .009
SD, standard deviation; OR, odds ratio; CI, confidence interval; LEMS, lower extremity motor score; DAR, deformity angular ratio.
* Values are median (Q1, Q3).
Table 5
Multivariable logistic regression analysis
Prognostic factor Details
Adjusted
OR 95% CI p-Value
Age Per 10 y 1.53 (1.13–2.06) .005
Coronal DAR Per 1 unit 1.10 (1.01–1.19) .037
Levels involved in surgery Per 1 level 1.08 (0.99–1.17) .091
Lumbar-level osteotomy 3.30 (1.18–9.17) .022
Three-column osteotomy 2.16 (0.77–6.08) .143
Total estimated blood loss Per 500 cc 1.06 (0.97–1.15) .179
OR, odds ratio; CI, confidence interval; DAR, deformity angular ratio.
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In light of this previous knowledge, we investigated 10 can-
didate variables: age, revision surgery, preoperative neurologic
deficits, coronal DAR, sagittal (kyphosis) DAR, anterior-
posterior surgical approach, osteotomy levels, 3CO, lumbar
osteotomy, and blood loss. Among these variables, age, lumbar
osteotomy, 3CO, and blood loss were associated with a higher
risk of neurologic decline in univariable analysis models, and
these findings replicated the results in the existing litera-
ture. The multivariable analysis revealed that older age, larger
coronal DAR, and lumbar osteotomy were the main risk
factors. The present study is one of the few studies to dem-
onstrate the negative impact of old age on neurologic outcome
after ASD surgery [12]. Elderly patients should be coun-
seled preoperatively, not only about medical complications
but also regarding the neurologic risk associated with complex
ASD surgery. High DAR was proven once more to be an im-
portant factor in predicting neurologic outcome in ASD surgery
[6,19] and a useful indicator, from a practical point of view,
to describe the severity of spinal deformity. We expected
thoracic-level osteotomy involving the spinal cord to stand
out as a risk factor, but, paradoxically, lumbar osteotomy was
associated with a higher risk of neurologic decline. De-
clines in lumbar osteotomy implicate radicular symptoms,
typically related to foraminal stenosis by shortening with
pedicle subtraction osteotomy, to explain a significant portion
of neurologic decline after ASD surgery.
Interestingly, there was a trend that the lumbar-level os-
teotomy was associated with decline in neurologic function
Figure. A 59-year-old man presented with postinfectious kyphoscoliosis (likely caused by treated tuberculosis) associated with fusion of L1–L4 vertebrae
and a severe kyphotic deformity with neural compression. Preoperative and 1-year postoperative coronal (A) and sagittal (B) x-rays and computed tomog-
raphy image (E). The local coronal Cobb angle was 15° (DAR 3.0), and the sagittal Cobb angle was measured as 151° (DAR 30.2). This patient developed
intermittent claudication with an LEMS of 47 caused by cauda equina compression at the apex of the deformity as shown by the T2-weighted sagittal mag-
netic resonance image (F). Decompression in conjunction with deformity correction by posterior T12–L1 vertebrectomy and instrumented fusion from T5 to
L2 was performed with preservation of all nerve roots. The estimated intraoperative blood loss was 2,200 cc. Coronal (C) and sagittal (D) x-rays 1 year after
surgery are shown. Local sagittal Cobb angle was corrected by 40°, and decompression was confirmed by postoperative magnetic resonance imaging (G).
Although no neurophysiological changes were observed intraoperatively, the patient experienced lower limb paresis immediately after the surgery (LEMS
27). After an in-hospital physiotherapy program, neurologic function gradually recovered, and the patient presented at a follow-up appointment at 6 weeks
with significant improvement (LEMS 42). There was complete neurologic recovery at the 12 months’ postoperative follow-up assessment (LEMS 50). DAR,
deformity angular ratio; LEMS, lower extremity motor score.
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at the same spinal level as examined in LEMS. However,
caution has to be taken on its interpretation because (1) many
cases had declines in multiple muscle groups, and (2) a single
nerve root issue can cause declines in multiple muscle groups
because of the overlap in myotomes. Moreover, the differ-
ent muscle groups had different risk in terms of neurologic
decline. Specifically, L2 was the most commonly affected
spinal level as shown in Table 2, whereas osteotomy was the
most commonly performed at L2 as well. Therefore, chances
are that this association was overrated. Despite all these limi-
tations, our present results still highlighted the impact of
lumbar-level procedures on developing neurologic events.
The present study does have several other limitations. First,
despite our inclusion criteria with strict definitions of
“complex” ASD, the patient cohort studied in Scoli-RISK-1
was still heterogeneous in diagnosis and treatment options.
We focused only on “high-risk” ASD surgeries; thus, com-
parisons with previous studies discussing ASD surgeries should
be undertaken with caution. Second, the surgeries investi-
gated in the Scoli-RISK-1 study were all performed by very
experienced spinal deformity surgeons in specialized insti-
tutions. Therefore, our current results should be interpreted
with caution when applied to spinal deformity surgeries in
general. Third, we reported only on motor function in lower
extremities using the ASIA LEMS component, which means
that thoracic radiculopathy or sensory-only deficits were not
captured, and these minor deficits might have been under-
estimated. Also, the reliability of neurologic assessment could
have been compromised in some patients, such as those with
significant pain, even with the examination by our ASIA-
certified examiners. Notably, neurologic declines that existed
in the very early postoperative period but resolved at dis-
charge either spontaneously or by surgical intervention were
not assessed in the present study, which might have caused
a slight underestimation of neurologic events. Lastly, the rel-
ative rarity of neurologic decline limited our capability to
perform comprehensive screening of the risk factors. It is gen-
erally a rule of thumb to use only one variable for 10 events
in a multivariable analysis. As the present study is explor-
atory in nature, we expanded the limit to 10 variables based
on knowledge gleaned from the existing literature. There were
still many other variables that were recorded in the data-
base but were not included in the present investigation, such
as diagnosis of congenital scoliosis or operation duration. For
a thorough investigation, examination of large-scale data-
bases such as nationwide studies is warranted.
Conclusions
In conclusion, our prospective, multicenter, observa-
tional Scoli-RISK-1 study documented a lower extremity motor
decline rate of 23% at discharge after complex ASD surgery.
Older age, larger coronal DAR, and lumbar-level oste-
otomy were risk factors for postoperative neurologic
deterioration. These risk factors should be considered in plan-
ning ASD surgeries, and this knowledge will be useful for
counselling patients preoperatively and can be used as a ref-
erence for future studies.
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